The use of formative assessments in traditional and hybrid lecture-labs of industrial engineering undergraduates and their motivational profiles by Gidlewski, Sarah
Graduate Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2014
The use of formative assessments in traditional and
hybrid lecture-labs of industrial engineering
undergraduates and their motivational profiles
Sarah Gidlewski
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/etd
Part of the Education Commons, and the Engineering Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Graduate Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Gidlewski, Sarah, "The use of formative assessments in traditional and hybrid lecture-labs of industrial engineering undergraduates and
their motivational profiles" (2014). Graduate Theses and Dissertations. 13827.
https://lib.dr.iastate.edu/etd/13827
 The use of formative assessments in traditional and hybrid lecture-labs of industrial 
engineering undergraduates and their motivational profiles 
 
 
by 
 
 
Sarah Gidlewski 
 
 
 
 
A thesis submitted to the graduate faculty 
 
in partial fulfillment of the requirements for the degree of 
 
MASTER OF SCIENCE 
 
 
Major: Industrial Engineering 
 
Program of Study Committee: 
Paul Componation, Major Professor 
Richard Stone 
Max Morris 
 
 
 
 
 
 
 
 
 
 
 
Iowa State University 
 
Ames, Iowa 
 
2014 
 
 
 
Copyright © Sarah Gidlewski, 2014.  All rights reserved. 
ii 
 
TABLE OF CONTENTS 
List of Tables .................................................................................................................................. v 
List of Figures ................................................................................................................................ vi 
Chapter 1: General introduction...................................................................................................... 1 
Introduction ................................................................................................................................. 1 
Thesis Organization..................................................................................................................... 2 
References ................................................................................................................................... 2 
Chapter 2: The Use of Formative Assessments in Traditional and Hybrid Lecture-Labs of 
Industrial Engineering Undergraduates & Their Motivational Profiles ......................................... 3 
   
Abstract ....................................................................................................................................... 3 
Background .............................................................................................................................. 3 
Purpose/Hypothesis ................................................................................................................. 3 
Design/Method ........................................................................................................................ 3 
Results ..................................................................................................................................... 4 
Conclusions ............................................................................................................................. 4 
Introduction ................................................................................................................................. 4 
Literature Review ........................................................................................................................ 6 
Online Learning ....................................................................................................................... 6 
Formative & Summative Assessments .................................................................................... 9 
Intrinsic & Extrinsic Motivation............................................................................................ 10 
iii 
 
Research Questions................................................................................................................ 12 
Method ...................................................................................................................................... 13 
Participants ............................................................................................................................ 13 
Research Design .................................................................................................................... 14 
Materials ................................................................................................................................ 15 
Experiment Implementation .................................................................................................. 19 
Data Coding ........................................................................................................................... 21 
Results ....................................................................................................................................... 22 
Objective 1:............................................................................................................................ 22 
Objective 2:............................................................................................................................ 23 
Objective 3:............................................................................................................................ 24 
Objective 4:............................................................................................................................ 26 
Discussion ................................................................................................................................. 26 
Acknowledgements ................................................................................................................... 29 
References ................................................................................................................................. 29 
Chapter 3: General Conclusions ................................................................................................... 33 
References ................................................................................................................................. 34 
Appendix A ................................................................................................................................... 35 
Appendix B ................................................................................................................................... 36 
Appendix C ................................................................................................................................... 37 
iv 
 
Appendix D ................................................................................................................................... 39 
 
  
v 
 
LIST OF TABLES 
Table 1: Laboratory Exercise Mean Observations (n = 110) ........................................................ 23 
Table 2: Front-End and Back-End Observations (n = 110) .......................................................... 23 
Table 3: Descriptive Statistics Among WPI Scores ..................................................................... 24 
Table 4: Effect Sizes of Motivation Scales & Subscales .............................................................. 25 
  
vi 
 
LIST OF FIGURES 
Figure 1: Flow Chart of Experiment ............................................................................................. 14 
Figure 2: Slides from the Lecture, “Work Safety and Design Basics” ......................................... 15 
Figure 3: K24 Blowhard Reactor, Inside ...................................................................................... 16 
Figure 4: Laboratory Exercise without Formative Assessment .................................................... 17 
Figure 5: Laboratory Exercise with Formative Assessment ......................................................... 17 
Figure 6: Participant's Station with General Instructions, K24 Blowhard Reactor, Surveys, and 
Pen................................................................................................................................................. 19 
 
Figure 7: Participant's Station with General Instructions, K24 Blowhard Reactor, Pen, Toolkit, 
K24 Blowhard Reactor Maintenance Manual, and Laboratory Exercise with Formative 
Assessment .................................................................................................................................... 20 
  
1 
 
CHAPTER 1: GENERAL INTRODUCTION 
 
INTRODUCTION 
Accessible and high quality higher education is essential for a healthy nation.  However, 
there is no consensus on how to ensure such a higher education (Mehta, 2013).  In addition, 
students are not obtaining degrees in science, technology, engineering, and math (STEM) majors 
to the extent necessary to maintain the economic prosperity and safety of the United States.  
(President's Council of Advisors on Science and Technology, 2012; Cronk, 2013).  One possible 
avenue for providing accessible and high quality STEM higher education is through the inclusion 
of online components.  While there have been many studies on online learning, few focus on 
STEM undergraduates and those studies that do usually have methodological shortcomings 
(Bowen, 2012).  Therefore, research with a robust methodological framework focused on online 
learning of undergraduate STEM students was needed.   
A review of current research in STEM student motivation did not indicate the use of the 
Work Preference Inventory with this population.  In addition, while significant research in use of 
formative assessments to improve student performance only minimal work has been completed 
looking at them in hybrid courses. This study utilized random assignment, a large sample size, 
and detailed methodology.  The goal of this study was to examine relationships among the mode 
of viewing a lecture, either live or online, participants’ motivational profiles, the use of a 
formative assessment or not on a laboratory exercise, and participants’ performance on the 
laboratory exercise and summative assessment. 
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THESIS ORGANIZATION 
Chapter 2 details the current study by expanding upon the need for such research, the 
study’s methodology, and the study’s results.  Chapter 3 provides general conclusions of the 
study as well as its limitations and suggestions for future works. 
 
REFERENCES 
Bowen, W. G. (2012). The 'Cost Disease' in Higher Education: Is Technology the Answer? The 
Tanner Lectures, Stanford University. 
Cronk, T. M. (2013, July 25). DOD Official Advises Students on Importance of STEM Careers. 
Retrieved from U.S. Department of Defense: http://www.defense.gov/news 
Mehta, J. (2013, April 3). Why American Education Fails. Retrieved from Foreign Affairs: 
http://www.foreignaffairs.com/articles/139113/jal-mehta/why-american-education-fails 
President's Council of Advisors on Science and Technology. (2012). Engage to Excel: 
Producing One Million Additional College Graduates with Degrees in Science, 
Technology, Engineering, and Mathmematics. Washington DC: Executive Office of the 
President. 
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CHAPTER 2: THE USE OF FORMATIVE ASSESSMENTS IN 
TRADITIONAL AND HYBRID LECTURE-LABS OF INDUSTRIAL 
ENGINEERING UNDERGRADUATES & THEIR MOTIVATIONAL 
PROFILES 
 
Sarah Gidlewski
1,2
, Paul Componation
2
, Richard Stone
2
 
 
A paper to be submitted to The Journal of Engineering Education 
 
ABSTRACT 
BACKGROUND Online learning is one way to increase the quality and accessibility of STEM 
higher education.  Most previous research on online learning suffers from methodological 
deficiencies and doesn’t focus on STEM undergraduates (Bowen, 2012). 
 
PURPOSE/HYPOTHESIS The aim of this study was to examine the relationships between the mode 
of viewing a lecture, participants’ motivational profiles, the use of a formative assessment or not 
on a laboratory exercise, and participants’ performance on the laboratory exercise and 
summative assessment. 
 
DESIGN/METHOD Students in a freshman and sophomore industrial engineering class were 
randomly assigned to watch a lecture either live or online and then complete a hands-on 
                                                          
1
 Primary researcher and author 
2
 Graduate student, Professor, and Assistant Professor, respectively, Department of Industrial and Manufacturing 
Systems Engineering, Iowa State University 
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laboratory exercise either with or without a formative assessment.  All participants completed a 
demographics survey, Work Preference Inventory, and summative assessment.    
 
RESULTS This study showed no difference among the summative assessment scores of 
participants in each of the four conditions.  Four variables explained 33.7% of the variability in 
summative assessment scores: the participant’s intrinsic subscale challenge score, whether the 
participant used a formative assessment or not, the quantity of unique observations on the 
laboratory exercise, and the participant’s gender.  Lastly, participants scored higher on the 
extrinsic major scale and subscales than participants in two other studies. 
 
CONCLUSIONS This study corrected methodological deficiencies found in other online learning 
research on Industrial Engineering undergraduates and found no difference in the learning 
outcomes of students who watched the lecture online as opposed to live.  Participants also had a 
higher extrinsic major scale and subscales scores than those of samples of psychology students 
and management majors.  
 
INTRODUCTION 
Marshall Hill asserts, “The accessibility and quality of public higher education will 
largely determine the competitiveness of the U.S. workforce for the next half century and the 
ability of our people to meet the challenges of citizenship in an increasingly complex world” (as 
cited in State Higher Education Executive Officers Association, 2013).  While it is difficult to 
contest that accessible and quality higher education is essential for a healthy nation, a consensus 
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has not been reached on how to provide such an education (Mehta, 2013).  Therefore, research is 
needed on how to provide quality and accessible public higher education.   
Of particular importance is the development of professionals in science, technology, 
engineering, and math (STEM).  Professionals in science and engineering related fields are 
responsible for over 50% of the sustained economic expansion in the U.S. yet constitute only 5% 
of U.S. workers (Adkins, 2012).  While STEM professionals are essential for private industry, 
they are also vital to the safety of the U.S.  Pentagon officials have noted the necessity for more 
students to pursue STEM careers so the U.S. can confront future security challenges (Cronk, 
2013).   
The proportion of STEM degrees has declined for the past 10 years and analyses indicate 
the need for approximately 1 million more STEM professionals in the next ten years than are 
currently anticipated to graduate (President's Council of Advisors on Science and Technology, 
2012).  Non-STEM occupations are projected to grow 9.8% as compared to 17.0% for STEM 
occupations in 2008-2018 (Langdon, McKittrick, Beede, Khan, & Doms, 2011).  Over 60% of 
students who begin college intending to pursue a STEM major do not graduate in these areas.  
Many of these students perform well in other majors but, “describe the teaching methods and 
atmosphere in introductory STEM classes as ineffective and uninspiring” (President's Council of 
Advisors on Science and Technology, 2012).   
The question stands: how to make STEM higher education easily accessible and of high 
quality?  The use of technology is one method being explored as a way to make education more 
accessible with online education being critical to the long-term strategy of almost 70% of higher 
education institutions (Allen & Seaman, 2013).  Questions arise as to whether the use of 
technology affects the quality of learning.  There are thousands of studies on technology in the 
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classroom.  However, very few focus on undergraduate education and those do study 
undergraduate education usually consist of methodological shortcomings (Bowen, 2012).   
The gap in research with rigorous experimental design on online education of STEM 
undergraduates must be filled for the prosperity and safety of the U.S.  This research was 
designed to examine if and how the mode of viewing a lecture, either live or online, and the use 
of a formative assessment on a laboratory exercise relates to undergraduate Industrial 
Engineering (IE) student performance on the laboratory exercise and related summative 
assessment.  In addition, the relationship between participants’ motivational profiles and 
performance will be examined to determine if students’ motivational profiles relate to excellence 
or challenges in traditional and hybrid classrooms with and without the use of formative 
assessments.  
 
LITERATURE REVIEW 
ONLINE LEARNING 
The use of the Internet to deliver course content and assess knowledge has grown 
drastically.  Changing Course: Ten Years of Tracking Online Education in the United States 
defines online courses as those with 80% or more of content delivered online; blended or hybrid 
courses as those with 30-79% of content delivered online; web-facilitated courses as those with 
1-29% of content delivered online; and traditional courses as those with no content delivered 
online.  Under those definitions, in the fall of 2002, 1,602,970 students were enrolled in at least 
one online course at postsecondary institutions.  In the fall of 2011, there were 6,714,792 
students taking at least one online course, an all-time high of 32.0% (Allen & Seaman, 2013).   
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This increase does not inherently support nor refute the effectiveness of online learning.  
William Bowen eloquently summarizes the current state of online learning:  
How effective has online learning been in improving (or at least maintaining) learning 
outcomes achieved by various populations of students?  Unfortunately, no one really 
knows the answer to either this question or the obvious follow-on query about cost 
savings. There have been literally thousands of studies of online learning, and Kelly Lack 
and I have attempted to catalog them and summarize their import.  This has been a 
daunting—and, we have to say, discouraging—task. Very few of these studies are 
relevant to the teaching of undergraduates, and the few that are relevant almost always 
suffer from serious methodological deficiencies. (2012, p. 27).   
A deficiency is an aspect of experimental methodology that precludes valid, generalized 
conclusions from being ascertained.  
One deficiency is terms like online, hybrid, and blended learning mean different things to 
different individuals and institutions.  Current Status of Research on Online Learning in 
Postsecondary Education by Lack (2013) is a comprehensive literature review of online learning 
in postsecondary education.  While some studies give explicit descriptions of what the online 
component included, many studies do not (Lack, 2013).  A review of e-learning identified forty-
six different terms synonymous with “e-learning” (Brown, Charlier, & Pierotti, 2012). Other 
methodological deficiencies include lack of random assignment of participants to the face-to-
face or online/hybrid course, failure to control for pre-existing differences in treatment groups, 
small sample size, and non-explicit explanation of the variability between online/hybrid sections 
and face-to-face sections (Lack, 2013).  
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The impact on student learning in online and hybrid classes as compared to traditional 
classes varies depending on the studies being considered.  A meta-analyses conducted by the U. 
S. Department of Education found, “the learning outcomes for students in purely online 
conditions and those for students in purely face-to-face conditions were statistically equivalent” 
(Means, Toyama, Murphy, Bakia, & Jones, 2010, p. xv).  Blended learning (include elements of 
online and face-to-face learning), however, had an effect size of 0.35 as compared to purely face-
to-face instruction (Means et al., 2010).   In other words, 63.7% of participants in the blended 
learning groups had higher scores than those in the face-to-face learning groups (Coe, 2002).  
Bradford S. Bell and Jessica E. Federman succinctly summarize the findings of the meta-
analyses and reviews in E-Learning in Postsecondary Education in stating:  
E-learning is at least as effective as, and in some cases more effective than, classroom 
instruction.  But taking into account various methodological and instructional factors can 
change the findings - typically not reversing them but rather weakening or eliminating the 
observed benefits of e-learning.  Furthermore, some of the meta-analyses found widely 
varying effect sizes for the relationship between e-learning and the learning outcomes, 
with some studies finding e-learning much more effective than classroom instruction and 
others finding it much less effective.  Such variability suggests that other explanations—
such as aspects of the instruction, teacher effectiveness, or student characteristics—
account for the relative effectiveness of e-learning in the studies. (2013, p. 174). 
In order to examine the effectiveness of online learning in STEM higher education, 
rigorous experiments must be deployed.  The results can inform on how to ensure high quality 
and accessible STEM higher education. 
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FORMATIVE & SUMMATIVE ASSESSMENTS 
Formative assessments are used to inform and further learning whereas summative 
assessments are used to quantify learning.  It is the difference in the functions of a formative 
assessment and summative assessment that defines them (Black & Wiliam, 1996).  The present 
study utilizes the definition of formative assessment coined by Black and Wiliam in 2009: 
Practice in a classroom is formative to the extent that evidence about student achievement 
is elicited, interpreted, and used by teachers, learners, or their peers, to make decisions 
about the next steps in instruction that are likely to be better, or better founded, than the 
decisions they would have taken in the absence of the evidence that was elicited. (p. 9). 
From this definition, formative assessments must result in better decisions in teaching 
and learning.  This leads to improved learning over what would have occurred without the 
formative assessment.  There have been few initiatives in education with such robust evidence to 
support the assertion that student performance can be improved through formative assessments 
(Black & Wiliam, 2004).  A formative assessment consists of five key strategies:  
1. “Clarifying and sharing learning intentions and criteria for success 
2. “Engineering effective classroom discussions, questions, and learning tasks that elicit 
evidence of learning  
3. “Providing feedback that moves learners forward 
4. “Activating students as instructional resources for one another 
5. “Activating students as the owners of their own learning” (Wiliam & Thompson, 2008) 
Current research on the use of formative assessments in a blended classroom environment 
focuses on formative assessments employed via technology (e.g. Gikandi, Morrow, & Davis, 
2011).  Conversely, there is little work on formative assessments employed via traditional 
methods in a blended classroom.  The current study focuses on formative assessments employed 
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during a traditional, hands-on laboratory exercise that is preceded by viewing a lecture either live 
or online and how this relates to student performance on the laboratory exercise and related 
summative assessment.   
 
INTRINSIC & EXTRINSIC MOTIVATION 
There are two types of motivation: intrinsic motivation and extrinsic motivation.  
Intrinsic motivation is, “the motivation to engage in work primarily for its own sake, because the 
work itself is interesting, engaging, or in some way satisfying” (Amabile et al., 1994).  Extrinsic 
motivation is, “the motivation to work primarily in response to something apart from the work 
itself, such as reward or recognition or the dictates of other people” (Amabile et al., 1994).  
While a person’s temporary motivation may change in specific situations, most theorists accept 
the possibility motivation can be a relatively stable, enduring trait (Amabile, 1993).  However, 
contrasting theories exist as to how intrinsic and extrinsic motivation relate to each other and 
thus can be measured.  
The Academic Motivation Scale measures motivation as a continuum from amotivation 
(lack of motivation) to extrinsic motivation to intrinsic motivation (Vallerand et al., 1992).  
However, later research did not find support for the motivation continuum (Fairchild et al., 
2005).  Theorists question the adage that intrinsic and extrinsic motivation are mutually 
exclusive constructs.  Rather, there are conditions where extrinsic and intrinsic motivation may 
coincide (Covington & Mueller, 2001), and it is possible for extrinsic motivators to enhance 
intrinsic motivation (Eisenberger & Cameron, 1996). 
The Work Preference Inventory (WPI) was designed by Amabile, Hill, Hennessey, and 
Tighe (1994) to assess an individual’s intrinsic and extrinsic motivation as two distinct 
constructs.  Extensive factor analytic research was conducted to develop the WPI.  Its current 
11 
 
seventh edition consists of 30 questions written in the first person, in which the individual is 
asked how much the statement describes him or her from 1 (never or almost never true) to 4 
(always or almost always true).  While originally written for working adults, there is a version 
for college students in which statements regarding salary and promotions are restated using 
grades and awards.     
The WPI consists of two primary scales, intrinsic and extrinsic motivation, each of which 
has two subscales.  The intrinsic motivation scale contains the subscales challenge (five 
questions, e.g. “I enjoy trying to solve complex problems”) and enjoyment (ten questions, e.g. 
“What matters most to me is enjoying what I do”).  The extrinsic motivation scale consists of the 
subscales outward (ten questions, e.g. “I am strongly motivated by the recognition I can earn 
from other people”) and compensation (five questions, e.g. I am keenly aware of the GPA goals I 
have for myself”).   
There were 1,363 undergraduate participants at two universities who participated in the 
study by Amabile et al The intrinsic and extrinsic scales showed a weak negative correlation (r = 
-0.22) while the two intrinsic subscales were moderately positively correlated (r = 0.44) and the 
two extrinsic subscales were moderately positively correlated (r = 0.36).  Retests were conducted 
on subsamples of the student participants at intervals between 6 and 54 months.  The test-retest 
reliability at 6-months and 54-months was 0.84 and 0.70 for intrinsic motivation and 0.94 and 
0.73 for extrinsic motivation, respectively.  
In the creation of the WPI, covariance structure analyses were performed to determine the 
fit of the two-factor model (intrinsic, extrinsic) and the four-factor model (enjoyment, challenge, 
outward, and compensation).  The adjusted goodness-of-fit index (AFGI) was higher for the 
four-factor model than then two-factor model (for students, 0.83 and 0.73, respectively).  
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Amabile et al. indicates the motivational structure is more complex than intrinsic and extrinsic.  
However, the researchers proceeded with using the primary and secondary scales because the 
grouping of items on each scale is conceptually meaningful and the scales relate to other 
measures in useful ways, the fit is within acceptable range, and the items on each scale are most 
correlated with the items on the same scale (Amabile et al., 1994).  
Loo (2001) examined the WPI in her study with 200 management undergraduates from 
six classes in a small Canadian university.  Loo’s analysis complemented Amabile et al.’s study 
in that it showed better support for the four-factor model than the two-factor model.  “… scores 
on the WPI scales showed construct validity as indicated by the pattern of intercorrelations 
among the scales and the pattern of correlations between the WPI scales and the Values Scale 
scales” (Loo, 2001).  
The WPI motivational profiles of undergraduate STEM majors had not been examined.  
Nor had the interplay between the use of a formative assessment and how a lecture is viewed 
been examined.  This research focused on these areas. 
 
RESEARCH QUESTIONS 
The experiment was designed to fulfill the following four objectives:   
1. Examine the relationship between the mode of viewing a lecture, either live or online, 
and student performance on a laboratory exercise and summative assessment. 
2. Examine the relationship between the use of a formative assessment and student 
performance on the related laboratory exercise and summative assessment. 
3. Examine the relationship between a student’s motivational profile and their 
performance on a laboratory exercise and summative assessment. 
4. Examine the relationship of students’ summative assessment scores to data. 
13 
 
METHOD 
PARTICIPANTS  
Participants were students at a large Midwestern university in two lower level industrial 
engineering (IE) courses.  The first course is typically taken the fall semester of an IE student’s 
freshman year; the second course is typically taken the fall semester of an IE student’s 
sophomore year.  The university’s Institutional Review Board approved the study.  A researcher 
visited the IE courses two weeks prior to the start of the study to explain the purpose of the 
study, required time commitment, and tasks sought of participants.  
Of the 144 participants who signed up for the study, 124 participants (86.1%) began the 
study.  Of the 124 participants, 110 (88.7%) successfully completed it.  Two students were 
unable to complete the study due to circumstances beyond their control.  The remaining twelve 
students did not successfully complete the study for one of the two following reasons.   
First, in the demographics survey, to verify participants viewed the lecture in the manner 
assigned to them, researchers asked participants to self-report whether they watched the lecture 
online or live.  Researchers assigned six participants the lecture condition opposite that which 
they self-reported.  Because it was not possible to be certain how the participants viewed the 
lecture, the researcher removed the six participants from the final data set.  
Secondly, the demographics survey asked participants, “Is there a reason this lab might 
have been more difficult for you than for others?”  Six participants marked “Yes” or left the 
question blank.  The researcher removed the participants from the final data set under the 
supposition these students were unable to complete the study to the best of their ability.   
The demographics surveys showed of the 110 participants, 41 participants (37.3%) were 
female and 69 participants (62.7%) were male.  There were 48 students (43.6%) in the freshman 
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level IE course, 57 participants (51.8%) were in the sophomore level IE course, and five 
participants (4.5%) were in both courses.  The students in both courses had the option to 
complete an alternate activity in addition to the study to receive extra credit in the second course.  
All participants were IE majors, except for one pre-business major.   
 
RESEARCH DESIGN 
The researcher randomly assigned half the participants to watch a 15-minute lecture live 
and the other half to watch the same lecture pre-recorded online (Figure 1).  The live lectures 
took place on a Tuesday and Wednesday and the pre-recorded lecture was available beginning 
Tuesday.  Participants returned for a 45-minute laboratory that consisted of completing a 
demographic survey, the WPI, a laboratory exercise, and a summative assessment.  There were 
21 laboratory time-slots available throughout Wednesday, Thursday, and Friday of the same 
week.  Half of the participants completed the laboratory exercise with a formative assessment 
and the other half without a formative assessment.   
 
Figure 1: Flow Chart of Experiment 
 
In summary, the four conditions were:  
1) Watch the lecture live and complete the laboratory exercise with a formative assessment. 
15 
 
2) Watch the lecture live and complete the laboratory exercise without a formative 
assessment. 
3) Watch the lecture online and complete the laboratory exercise with a formative 
assessment. 
4) Watch the lecture online and complete the laboratory exercise without a formative 
assessment. 
 
MATERIALS 
The lecture, “Work Safety and Design Basics” (Figure 2) presented the basics of lockout-
tagout, and the guidelines of device, display (labels and gauges), and instruction design.  The 
research team selected the topic because it was material not previously covered in the IE 
students’ program of studies.  Faculty members specializing in work safety and design oversaw 
the development of the lecture.   
 
Figure 2: Slides from the Lecture, “Work Safety and Design Basics” 
 
The demographics survey consisted of 12 questions (Appendix A).  These questions 
solicited basic information (e.g. age, gender, GPA, etc.), information that could potentially relate 
to their performance on the laboratory exercise (e.g.  “Is there a reason this lab might have been 
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more difficult for you than for others?”), and information that could potentially relate to their 
motivational profile (e.g. “Do you have a job?”). 
The laboratory exercise involved participants using the K24 Blowhard Reactor 
Maintenance Manual (Appendix B) to replace the K24 Blowhard Reactor’s cartridge (Figure 3).   
 
Figure 3: K24 Blowhard Reactor, Inside 
 
The K24 Blowhard Reactor was an inert apparatus purchased from Auburn Engineering 
with over twenty intentional devise, display, and instruction defects.  In completing the nine 
steps detailed in the K24 Blowhard Reactor Maintenance Manual, participants could see unsafe, 
difficult, and inefficient device, display, and instruction design.  Participants were asked to list 
these defects (e.g. the K24 Blowhard Reactor had superfluous screws on the cover plate).  All 
participants were provided with the Lab Objectives and Lab Procedures (Figure 4) and half of 
the participants were also provided with the formative assessment (Figure 5). 
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Figure 4: Laboratory Exercise without Formative Assessment 
 
 
Figure 5: Laboratory Exercise with Formative Assessment  
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  The laboratory exercise with a formative assessment provided an outline in the form of a 
table for students to note the defects.  It followed the nine steps in the K24 Blowhard 
Maintenance Manual and provided dedicated space for recording defects in device, display, and 
instruction design.  The instructions also reminded participants to consider defects at each step 
by stating, “When completing each step in the “K24 Blowhard Reactor Maintenance Manual”.   
Researchers designed the formative assessment to enable the student: to be aware of and 
understand the objectives of the activity, to determine his or her current accomplishments, and to 
decide what next steps to take to meet the objectives.  In order to increase the student’s 
awareness and comprehension of the objectives, the formative assessment elaborated upon the 
basic instructions and reminded the student two additional times to consider safety, efficiency, 
and effectiveness.  The laboratory exercise without the formative assessment did not clarify or 
reinforce the objectives.  
To enable students to reflect upon and determine their achievements, the structure 
allowed space for each step.  By breaking it down by steps, the formative assessment provided 
the student with points to reflect on the task and verify if there were any device, display, or 
instruction defects.  The laboratory exercise without the formative assessment did not provide 
logical reflection points, thereby reducing the possibility that the student would review the task 
he or she had completed nor review the objectives and be reminded of what to consider when 
completing the next step.   
The summative assessment consisted of 15 multiple-choice questions (Appendix C) 
covering material taught in the lecture and reemphasized during the laboratory exercise.  The 
purpose of the assessment was to quantify how much the students learned through the lecture and 
laboratory exercise.  
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EXPERIMENT IMPLEMENTATION 
The researcher conducted the live lecture during the last 15 minutes of the regular class 
session.  There were two sections of the freshman level IE course and one section of the 
sophomore level course.  To reduce variability in the lectures, the researcher presented the live 
lecture in one section through random selection of the freshman level IE course; participants in 
the other section viewed the online lecture.  Using a random number generator, researchers 
randomly assigned participants in the sophomore level course to view the lecture live or online.  
The university’s distance education services recorded the live lecture, enabling a professional 
quality recording.  The researcher emailed a link to the online lecture to participants in the online 
condition who then watched it at their convenience prior to participating in the laboratory 
component.  Up to eight participants could partake during each laboratory session.  Each 
participant was assigned to an individual workstation (Figure 6) that contained general 
instructions (Appendix D), the K24 Blowhard Reactor, and a pen.   
 
Figure 6: Participant's Station with General Instructions, K24 Blowhard Reactor, Surveys, and 
Pen 
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After viewing the lecture, either live or online, the participants attended one of the 21 
laboratory sessions available.  Before beginning the laboratory exercise, the researcher had 
participants complete the demographic survey and WPI.  After all participants in the laboratory 
session had completed the demographic survey and WPI, the researcher collected the papers.  
The Lab Objectives and Lab Procedures were read aloud by a research assistant while the 
researcher handed each participant a toolkit, K24 Blowhard Reactor Maintenance Manual, and 
laboratory exercise (either with or without the formative assessment) (Figure 7). 
 
Figure 7: Participant's Station with General Instructions, K24 Blowhard Reactor, Pen, Toolkit, 
K24 Blowhard Reactor Maintenance Manual, and Laboratory Exercise with Formative 
Assessment 
 
When a participant was done with the laboratory exercise, he or she raised his or her 
hand.  The researcher removed the toolkit, K24 Blowhard Reactor Maintenance Manual, and 
completed laboratory exercise.  The researcher then provided the participant with the summative 
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assessment.  After the participant completed the summative assessment, he or she could work on 
homework or read quietly.  When everyone was finished, the researcher thanked participants and 
dismissed them. 
 
DATA CODING  
Researchers completed the analyses with data obtained from the demographic surveys, 
WPIs, laboratory exercises, and summative assessments using SPSS Version 22.  Analyses 
included linear regression, t-tests, and confidence intervals at a 95% confidence level accounting 
for unequal variances as appropriate.  All materials were coded with an identifier instead of 
participants’ names to maintain confidentiality.   
Researchers coded the WPI’s on the two subscales of extrinsic motivation (compensation 
and outward) and two subscales of intrinsic motivation (challenge and enjoyment).  Participants’ 
scores of each question were averaged for each subscale and primary scale.  Thus, participants’ 
received four subscale scores and two primary scale scores.    
Each defect observation stated by the participant on the laboratory exercise was 
numbered.  Through inductive coding methods, researchers assigned each observation to one of 
45 unique categories.  Researchers recorded the total number of observations and the number of 
unique observation categories noted by each participant.  For example, a student may have made 
three observations corresponding to categories #4, #29, and then #4 again.  This was coded as 
three total observations and two unique observation categories. 
Researchers also examined the laboratory exercise by looking at defects noted during the 
beginning and end of the activity.  When the participants began to go through the K24 Blowhard 
Reactor Maintenance Manual, they encountered defects related to seven unique observation 
categories.  At the end of the process, the participants encountered defects that corresponded to 
22 
 
eight different observation categories.  Researchers recorded whether participants noted at least 
one defect in the “front-end” observation categories and at least one defect in the “back-end” 
categories, or if he/she failed to note either a front-end defect, back-end defect, or both.   
Lastly, researchers scored the summative assessments and recorded the percentage of 
questions participants correctly answered.   
 
RESULTS 
Analyses were performed to examine the original four objectives:  
1. Examine the relationship between the mode of viewing a lecture, either live or online, 
and student performance on a laboratory exercise and summative assessment. 
2. Examine the relationship between the use of a formative assessment and student 
performance on the related laboratory exercise and summative assessment. 
3. Examine the relationship between a student’s motivational profile and their 
performance on a laboratory exercise and summative assessment. 
4. Examine the relationship of students’ summative assessment scores to data. 
In addition, analyses revealed noteworthy observations outside of the original objectives. 
 
OBJECTIVE 1: 
An ANOVA was completed to compare the mean summative assessment scores of the 
four condition’s (two treatments, each with two levels, either to watch the lecture live or online 
and complete the laboratory exercise with or without a formative assessment).  No statistical 
differences (p = 0.655) were found among any of the groups.  With regards to the laboratory 
exercise, researchers recorded the number of participants who noted two specific observations 
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that were specifically emphasized, verbally and pictorially, in the lecture.  T-tests showed no 
differences between conditions (p = 0.817 for defect #1, p = 0.545 for defect #2).  In conclusion, 
the data indicates the mode of viewing the lecture, either live or online, was not significant in 
affecting student performance on either the laboratory exercise or summative assessment  
 
OBJECTIVE 2: 
Participants who completed the laboratory exercise with the formative assessment noted 
an average of 9.39 more total observations and 6.09 more unique observations than participants 
who completed the laboratory exercise without the formative assessment (Table 1). 
Table 1: Laboratory Exercise Mean Observations (n = 110) 
Condition 
Number of 
Participants 
Mean Number of 
Total Observations 
Mean Number of Unique 
Observation Categories 
Live Lecture, With 
Formative Assessment 
28 16.39 12.64 
Live Lecture, Without 
Formative Assessment 
27   6.15   5.63 
Online Lecture, With 
Formative Assessment 
26 16.04 12.50 
Online Lecture, Without 
Formative Assessment 
29   7.50    7.28 
 
Participants who completed the laboratory exercise with the formative assessment were 
more likely to note both a front-end and back-end defect than participants who completed the 
laboratory exercise without the formative assessment (p < 0.001) (Table 2). 
Table 2: Front-End and Back-End Observations (n = 110) 
Condition 
Both front-end &  
back-end observation noted 
Lack front-end &/or  
back-end observation noted 
Quantity Percentage Quantity Percentage 
With Formative Assessment 48 88.89% 6 11.11% 
Without Formative Assessment 27 48.21% 29 51.79% 
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Researchers conducted a t-test between the total number of observations and the 
participants who scored 80% or greater and those who scored below 80% on the summative 
assessment.  Students who scored 80% or better on the summative assessment noted an average 
of 4.30 more total observations (3.72 more unique observations) as compared to students who 
scored below 80%.   
 Therefore, evidence supports that the formative assessment related to increased student 
engagement with the laboratory exercise.  However, the data did not support a direct link 
between the use of a formative assessment and student performance on the summative 
assessment. 
 
OBJECTIVE 3: 
No relationships were found among the participants’ motivational profiles (two subscales 
of extrinsic motivation, compensation and outward, and two subscales of intrinsic motivation, 
challenge and enjoyment) and their performance on the laboratory exercise or summative 
assessment (Table 3). 
Table 3: Descriptive Statistics Among WPI Scores 
 
 Intrinsic Challenge Enjoyment Extrinsic Outward Compensation 
Total       
(n = 110) 
Mean 2.98 2.67 3.13 2.83 2.62 3.26 
Std. Dev. 0.33 0.47 0.36 0.31 0.40 0.43 
 
 
Other results of note included the finding that students with a 3.0 out of 4.0 GPA or 
higher scored an average of 0.21 points higher on the extrinsic subscale compensation (p = 
0.019).  Also, females scored an average of 0.17 points higher than males on the intrinsic 
subscale enjoyment (p = 0.017).   
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Researchers compared this study’s sample motivational profile with Amabile et al.’s and 
Loo’s studies (Table 4) because the population of each study varied: the majority (85.8%) of 
Amabile et al.’s participants were in an undergraduate psychology course or seminar (Amabile et 
al., 1994) and Loo’s participants were volunteer management undergraduates (Loo, 2001).  
Except for one participant, all students in this study majored in industrial engineering.  The effect 
size was used for the comparison instead of a p-value as p-values are influenced by sample size 
and small differences may be statistically significant when the sample size is large (Berben, 
Sereika, & Engberg, 2012).  As Amabile et al.’s student study had 1,363 participants, the effect 
size was used to articulate the practical importance of the differences.    
Table 4: Effect Sizes of Motivation Scales & Subscales  
  Intrinsic Challenge Enjoyment Extrinsic Outward Compensation 
Current Study vs. 
Amabile et al.’s 
Study 
-0.03 0.08 -0.11 0.67 0.59 0.59 
Current Study vs. 
Loo's Study 
-0.15 -0.26 -0.03 0.59 0.43 0.47 
Loo's Study vs.  
Amabile et al.’s  
Study 
0.11 0.34 -0.08 0.20 0.19 0.11 
 
The largest effect size in the present study was d = 0.67 for the extrinsic primary scale 
score in comparing the present study to Amabile et al.’s study.  This can be interpreted as 74.5% 
of student participants in Amabile et al.’s study had an extrinsic score below that of the average 
person in this study (Coe, 2002).  Medium effect size, as defined by d around 0.5 (Cohen, 1969), 
was found for extrinsic primary and subscales scores in comparison to Amabile et al.’s and 
Loo’s studies (Amabile et al., 1994; Loo, 2001). 
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OBJECTIVE 4: 
Out of all possible data, the combination of four sources in a linear regression model 
explained 33.7% of the variability in summative assessment scores.  The model used 
participants’ intrinsic subscale challenge score (p = 0.011), whether they used a formative 
assessment or not in completing the assignment (p = 0.001), the quantity of unique observations 
on the assignment (p < 0.001), and the participant’s gender (p = 0.044) as explanatory variables.  
Notably absent is the mode in which the lecture was viewed.     
 
DISCUSSION 
The question posed was: how to make STEM higher education easily accessible and of 
high quality?  This study narrowed the scope to focus on IE undergraduates and how the mode of 
viewing a lecture related to their learning.  This study also examined the relationship between the 
use of a formative assessment and the student’s unique motivation profile to the student’s 
performance on a laboratory exercise and summative assessment.   
There are several findings that will be discussed.  First, student performance on a 
laboratory exercise and summative assessment in connection with whether student viewed the 
lecture live or online will be discussed.  Next, the finding that the formative assessment 
performed as intended to further students’ engagement and learning will be expanded on.  Third, 
notes on similarities between this and other similar studies will be discussed.  Last to be 
discussed will be that 33.7% of the variability in summative assessment scores could be 
explained by a combination of four factors and what this implies.   
This study addressed methodological deficiencies of prior research by focusing on 
undergraduate students and utilizing random assignment of participants to treatments, a large 
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sample size, and explicit description of the procedures used.  Within this robust, experimental 
framework studying university undergraduates, the mode in which students’ viewed the lecture 
was unrelated to their performance on the laboratory exercise and summative assessment.  
The formative assessment performed as intended by increasing student engagement with 
the laboratory exercise as demonstrated by the more total observations and more unique 
observation categories.  They were also more likely to remain engaged as evidenced by 
observations from both the beginning and end of the laboratory exercise.  While results did not 
show a difference among the four conditions in their summative assessment, it was noted that 
students had higher summative assessment scores recorded more observations (total or unique).  
This lack of direct relationship between use of formative assessment and summative assessment 
score is a source of further research.  One possible explanation is differences between the 
conditions existed that were not captured by the demographics survey or WPI.       
No relationships were found among participants’ motivational profiles and their 
performance on either the laboratory exercise or summative assessment.  However, this study 
was compared to two prior studies: Amabile et al.’s study, which consisted of mostly students 
involved in psychology courses, and Loo’s study, which involved management undergraduates.  
67% and 59% of current study participants had higher extrinsic motivation scores than 
participants in Amabile et al.’s study and Loo’s study, respectively.  Similarly, at least 43% of 
current study participants scored higher than participants in Amabile et al.’s study and Loo’s 
study on each extrinsic subscale (Amabile et al., 1994; Loo, 2001).  These findings suggest 
industrial engineering undergraduates may tend to be more extrinsically motivated than students 
pursuing psychology or management undergraduate degrees. 
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When examining the data in its entirety, 33.7% of variability in summative assessment 
scores can be explained by participants’ intrinsic subscale challenge score, whether they used a 
formative assessment or not, the quantity of unique observation categories noted on the 
laboratory exercise, and the participant’s gender.  The variability explained in the summative 
assessment scores through the participant’s use of a formative assessment or not and the quantity 
of unique observations speaks to engagement with the laboratory exercise related to a higher 
summative assessment score.  The variability explained by participants’ intrinsic subscale 
challenge score also makes sense in that the external reward (in this case, extra credit) was 
unrelated to participants’ summative assessment score.  However, participants with high intrinsic 
subscale challenge motivation were motivated by the novelty of the task-at-hand.  That the 
participants’ gender also accounted for part of the variability (women tended to score higher on 
the summative assessment than men) remains a point for further research.   
This study represents a robust experiment on online learning.  From this study, additional 
research may be performed to examine other aspects of online learning that diminish or bolster 
student performance.  The study also supports the use of formative assessments to encourage 
engagement independent of how a lecture is viewed.  Lastly, this study gives insight into the 
motivational profiles of undergraduate IE students.   
There is still room for growth and expansion.  This study examined one learning 
experience and sample pool.  An avenue for future research is to replicate the study expanding 
upon the methodology detailed in the present study.  This study consisted of one lecture-
laboratory session that students received extra credit for participating in.  Future research could 
investigate semester-long courses, ideally over multiple years.  In addition, the study should be 
conducted in universities throughout the U.S. and in multiple STEM disciplines.  Such steps will 
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provide additional information on how to provide high quality and easily accessible STEM 
higher education, which is vital to the prosperity and future of the U.S. 
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CHAPTER 3: GENERAL CONCLUSIONS 
 
In conclusion, while there are many studies on online learning, few focus on 
undergraduates and most suffer from methodological deficiencies (Bowen, 2012).  This study 
focused on undergraduate industrial engineers and utilized a robust methodology to research the 
relationship between the mode in which a lecture is viewed and student performance on a 
laboratory exercise and summative assessment.  No differences were found.  The methodology 
detailed in this thesis represents a solid stepping-stone upon which further research can build 
upon to continually strive for accessible and high quality STEM education.  
In addition, half of the participants used a formative assessment when completing the 
laboratory exercise and all students completed a demographics survey and Work Preference 
Inventory.  33.7% of the variability in summative assessment scores was attributed to four 
explanatory variables: the participant’s intrinsic subscale challenge score, whether the participant 
used a formative assessment or not, the quantity of unique observations on the laboratory 
exercise, and the participant’s gender.  Further research is required to determine why 
participants’ intrinsic subscale challenge score and gender accounted for variability in 
participants’ summative assessment scores. 
An unanticipated but noteworthy observation is that participants of this study had a much 
higher extrinsic major scale and subscales scores than participants of two other studies, which 
consisted mostly of psychology students and management majors, respectively.  Researchers 
suggest examining the motivational profile of other undergraduates in STEM and non-STEM 
majors.   
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APPENDIX A 
→ Please complete the demographic survey and work preference inventory (on reverse side).  
Your answers are very important and will be kept confidential!  If you have questions, please 
ask a research assistant.  Thank you! 
 
Demographic Survey 
1. Gender  Male Female 
2. Age  18 19 20 21 22+ 
3. High School GPA ____/____ unknown 
4. ISU GPA  ____/4.00 none yet 
5. Semesters completed at ISU 0 1 2 3 4 5-6 7+ 
6. Are you a transfer student?  Yes No 
• If Yes, semesters at previous institution(s):  1 2 3 4+  
7. What is your declared major?  
________________________________________ 
 
8. Are you an international student? Yes No 
9. Is there a reason this lab might have been more difficult for you than for others?   
(i.e. English is your second language,  you are experiencing a migraine, etc.) Yes No 
  
10.  Were you asked to watch the lecture:  Live Online 
• If Online, how much of the lecture were you able to watch?  
All  Most  Some  None/Unable  
11. Do you have a job?   Part-time Full-time No 
 
12. Are you involved in extracurriculars? Yes No 
• If Yes, please list them (they do not need to be affiliated with ISU): 
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APPENDIX B 
K24 Blowhard Reactor Maintenance Manual 
 
Diagnosing Equipment Failure: 
The K24 Blowhard Reactor represents the state-of-the-art in automatic process control.  
Nonetheless, for various reasons it may occasionally stop functioning.  If the unit has ceased 
to operate, use the following procedures to diagnose and repair any defective components. 
 
1. Remove the necessary cover screws and set the cover aside. 
 
2. The pressure valve will allow leakage even with the power off.  Therefore, turn the 
pressure valve to OFF. 
 
 
WARNING: Failure to properly set the pressure valve to OFF prior to 
maintenance activities could result in damage to equipment or injury to 
personnel. 
 
 
3. Unscrew all three wires that attach to the orange terminal strip at the bottom of the 
control box. 
 
4. With the wires disconnected, check the gauge readings.  If the Boost Pressure is greater 
than the Vessel Pressure, reconnect the red wire.  If the Boost Pressure is less than the 
Vessel Pressure, reconnect the blue wire. 
 
5. If the Boost Pressure is in the normal range, continue to Step #6.  If Boost Pressure is too 
high (>350 kPa), the PV Cartridge is faulty and must be replaced.  Remove the PV 
Cartridge and replace the faulty cartridge. 
 
6. Reinstall the retaining contact on the new cartridge. 
 
7. Reconnect the remaining wires to the proper terminals at the bottom of the control. 
 
8. Turn the pressure valve to ON. 
 
9. Reattach the cover. 
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APPENDIX C  
Work Safety & Design Basics Quiz 
Instructions: Read each question and circle the letter that best answers the question. 
 
1. When initiating equipment lockout/tagout the first step should always be 
a. Apply the lockout device(s) 
b. Confirm the operator is within the 5
th
 to 95
th
 percentile 
c. Alert the operator(s) that power is being disconnected 
d. Check displays for equipment status 
e. Layout equipment required for the equipment repair 
 
2. When equipment repairs are complete the lockout/tagout device should be removed by the 
a. Operator of the equipment 
b. Safety engineer for that facility 
c. Supervisor for that shift 
d. Maintenance supervisor who authorized the repair 
e. Maintenance technician who put the device on the machine 
 
3. The primary purpose of lockout/tagout procedures is to 
a. Reduce the chance of injury to employees 
b. Reduce the chance of damage to the equipment 
c. Comply with city regulations 
d. Comply with labor contracts 
e. Prevent power surges that can damage materials in process 
 
4. When designing, take into consideration products should be usable for employees as small as the 
a. 1% female 
b. 5% female 
c. 5% male 
d. 10% female 
e. 10% male 
 
5. The best time to make a product easier to use is 
a. After the first product is built and tested 
b. After the products are used in the field 
c. While the product is in the first stages of design 
d. After maintenance procedures have been developed 
e. When talking with customers who used the product 
 
6. The best place for a display label is 
a. Well above the display 
b. On the face plate 
c. On the equipment instruction sheet 
d. Incorporated into the display 
e. On the equipment maintenance sheet 
 
7. In general, displays should 
a. Provide as much information as possible to keep the operator informed 
b. Be as simple as possible so they are easy to read quickly  
c. Be placed away from the equipment to minimize interference with operator movements 
d. Be positioned so the maintenance personnel can monitor equipment performance 
e. Be on a separate power source so they are not affected by lockout-tagout procedures 
 
↙ Continues on reverse side ↘ 
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8. Units of measure on displays should 
a. Use difference scales for different measurement types 
b. Be kept off the display to simplify the design 
c. Only be included in the work instructions 
d. Only be included in the maintenance instructions. 
e. Be located to the left of the display for right-handed operators 
 
9. Maintenance instructions should be designed so they 
a. Provide an overview of key steps for experienced operators 
b. Use technical jargon so non-technicians cannot understand 
c. Are accurate so the maintenance technician can safely complete the repairs 
d. Are bi-lingual to comply with all union contracts 
e. Are separate from all lockout-tagout instructions 
 
10. The tools and replacement parts in the toolbox (in lab) were 
a. All required to complete the requested task 
b. Excessive and unessential  
c. Dangerous to the safety of maintenance technicians 
d. Not enough to complete the task efficiently 
e. Unable to be used by left-handed operators 
 
11. Including a “warning zone” on an analog measurement device 
a. Is a safety precaution 
b. Increases required skills and training of users to use 
c. Increases efficiency of maintenance and repairs 
d. A & C only 
e. A,B, & C 
 
12. Good device design includes all of the following except 
a. Ensures almost all people can physically use it  
b. Minimizes the number of screws needed to increase efficiency 
c. Position items to enable easier access  
d. Uses semi-circle connectors/fasteners instead of complete circle connectors/fasteners 
e. Maximizes the types of screws needed for security 
 
13. Good display design includes all of the following except 
a. Displays are only able to be read and interpreted by trained users 
b. Labels exist even when they seem unneeded 
c. Displays are located to improve efficiency 
d. Displays are digital or analog depending on their intended purpose 
e. Displays are located to reduce errors 
 
14. Aspects of good instructions include all of the following except 
a. Contain sufficient detail 
b. Don’t assume prior knowledge  
c. Are written at a 12
th
 grade reading level 
d. Are free from errors 
e. Are located with the device or its toolkit 
 
15. Good design of display, device, and instructions will 
a. Maximize safety for employees 
b. Maximize safety for maintenance technicians 
c. Reduce the time required to complete repairs 
d. A & B only  
e. A, B, & C 
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APPENDIX D 
* Please silence cellphones & refrain from answering non-emergency calls & texts.  Thank you! 
The lab will take 45 minutes.  Please complete the following 3 steps.   
 
1. Please complete the demographic survey and work preference inventory at your station (all 
stations are the same).  When everyone is done, they will be collected. 
 
2. A research assistant will hand-out the activity worksheet and materials.  The instructions will 
be read aloud.  When you have completed the worksheet, raise your hand.   
 
3. A research assistant will give you the quiz (over Dr. Stone’s lecture watched prior to lab).  If 
you get done early, please wait quietly; feel free to work on homework or read. 
 
Thank you for participating in this study!  We know you are busy and we appreciate you 
taking the time and effort to successfully complete this lab.   
